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Abstract: Ascorbic acid and total phenol in frozen aonla pulp on zero day of storage was found to be 365.5 
mg/100g and 2.1 mg/g while in dehydrated aonla pulp  it was  2.3 mg/100mg and 14.7 mg/g which was found to 
decrease with the increase in storage duration. However, significant increase (CD at 5% Level) in total soluble solids 
(TSS)  and non-enzymatic browning was noticed with the advancement in storage duration. The decrease and in-
crease in physico-chemical characteristics were more significant  in dehydrated aonla pulp as compared to frozen 
aonla pulp. Mean score for sensory attributes of dehydrated aonla pulp at zero month of storage was fairly less than 
frozen aonla pulp. Moreover, there was more significant decrease in value of sensory attributes of dehydrated aonla 
pulp during six months storage period compared to frozen aonla pulp. Thus, present study was first in its kind to 
determine and compare chemical composition and overall acceptability of frozen and dehydrated aonla pulp ob-
tained from aonla fruits cv. Chakaiya during storage for optimizing there use in further development of value added 
aonla product.  
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INTRODUCTION 
Aonla (Emblica officinalis Gaertn), the Indian goose-
berry, is one of the important indigenous medicinal 
fruit also known as “Amrit Phal”. It is one of richest 
source of ascorbic acid (500-1,500 mg/100g) used as a 
strong rejuvenator in Indian pharmacopoeia (Pathak 
and Ram, 2007) . Because of its significant medicinal 
and nutritive value, it finds a prominent place in an-
cient Indian mythological literatures like Vedas, 
Askandhpuran, Shivpuran, Ramayana, etc. It is exten-
sively used in Ayurvedic and Unani systems of medi-
cines for sound health as Chyavanprash, Trifla, Amrit 
Kalash and Churan (Pathak et al., 2003). Besides, it is 
used in cosmetics for enriching hair growth and pig-
ments. Aonla fruit is highly acidic and astringent in 
taste (kumar and Nath, 1993); therefore, it is not popu-
lar as a table fruit, but has a great potential in proc-
essed forms. Having great potential for processing into 
quality products thus can create a great demand in na-
tional, as well as in international, markets. Several 
value added products have been developed from aonla 
such as pickles, candy, sauce, chutney, squash, jam, 
jelly, spread, barfi and ladoo etc. The aonla pulp and 
shreds are required as basic materials for most of the 
above-mentioned products. Freezing and dehydration 
of aonla as aonla pulp and shreds respectively is an 
important technique which can be applied efficiently to 
make the fruits available round the year and also to 
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avoid market glut in the peak harvest. The freezing and 
drying of fruits and vegetables is one of the most com-
mon preservation processes used for improving the 
stability, because they minimizes physical and chemi-
cal changes during storage. Keeping these facts in 
mind, the present study was undertaken to develop and 
evaluate the change in chemical composition and over-
all acceptability of frozen and dehydrated aonla pulp 
during storage. 
MATERIALS AND METHODS 
Mature aonla fruits cv. Chakaiya was procured from 
local orchards, Hisar during 2013-2014. The fruits 
were washed thoroughly with clean running water to 
remove the dirt and other extraneous materials. After 
washing operation, aonla fruits were subjected to pre-
treatment (blanching in 2% brine solution + 2% alum 
solution + 0.2% KMS solution). The pretreated aonla 
fruits were cooled at room temperature for 30 minutes. 
Aonla segments were then separated from its stone and 
grated using fruit processor. Sodium benzoate (1 g/kg) 
was mixed with the grated aonla pulp. It was packed in 
polypropylene (PP) jars and stored at -180C in deep 
freezer for six months. The grated aonla pulp was also 
dehydrated in a tray dryer at 500C over night, packed 
in Low density polyethylene (LDPE) bags and stored 
at room temperature for six months. The stored aonla 
pulp was evaluated for physico-chemical (ascorbic 
acid, total phenols, TSS and browning) and sensory 
 parameters (colour and appearance, taste, texture. 
mouthfeel and overall acceptability) at two months 
interval. Total soluble solids (TSS) were estimated at 
ambient temperature by hand refractometer (0-32%) 
and the values were expressed as percent TSS. Ascor-
bic acid was analyzed according to AOAC (1990) 
method. Non- enzymatic browning (NEB) was deter-
mined according to the method of Ranganna (2008). 
Total phenols were analyzed as per the methods given 
by Amorium et al. (1997), while organoleptic evalua-
tion by using 9 point hedonic scale. 
RESULTS AND DISCUSSION 
Changes in total soluble solids (TSS), ascorbic acid, 
total phenols and non-enzymatic browning in aonla 
pulp (frozen and dehydrated) during six months stor-
age period in present study have been presented in 
Tables 1 and 2. Aonla pulp, both frozen and dehy-
drated, showed significant decrease (CD at 5% Level)  
in ascorbic acid ( 17% & 41% resp.)  and total phenols 
( 13% & 33% resp.), and significant increase in total 
soluble solids (TSS) and non-enzymatic browning with 
the advancement in storage duration. Loss in ascorbic 
acid content could be attributed to oxidation of ascor-
bic acid to dehydro-ascorbic acid with  passage of 
time. Similar findings have been confirmed by 
Damame et al. (2002) in aonla preserve stored at room 
temperature, Sharma et al. (2002) in aonla powder 
stored at room temperature for six months, Tandon et 
al. (2003) in aonla candy stored for nine months under 
ambient temperature, Choudhary et al. (2012) in aonla 
nectar stored at room temperature for 240 days and 
Vikram et al. (2012) in aonla herbal jam stored for 
eight months at ambient temperature.. The increase in 
TSS of dried as well as frozen aonla pulp in present 
study might be due to gradual loss of moisture and 
breakdown of complex molecules to simple form. 
Similar results were reported by Daisy et al. (2007) in 
aonla preserve stored at room temperature for three 
months and Ram et al. (2011) in aonla bael blended 
RTS beverage stored in refrigerated conditions. De-
crease in tannins in present study might be due to activ-
ity of polyphenolase enzyme, which acts upon tannins 
and ascorbic acid, while increase in NEB might be due to 
condensation of tannins to brown pigments. Similar find-
ings were obtained by Ahlawat (2007) in osmotically 
dehydrated aonla during 60 days storage period. 
Effects of storage period on organoleptic quality 
(colour and appearance, taste, texture, mouthfeel and 
overall acceptability) of aonla pulp (frozen and dehy-
drated) cv. Chakaiya have been shown in Tables 3 and 
4. Mean score for colour and appearance, taste, texture, 
mouthfeel and overall acceptability of frozen aonla 
pulp at zero month of storage were 8.1, 8.0, 8.0, 8.0 
and 8.0, respectively. Mean score for colour and ap-
pearance, taste, texture, mouthfeel and overall accept-
ability of dehydrated aonla pulp at zero month of stor-
age were 7.8, 7.5, 7.7, 7.2 and 7.5, respectively. Data 
clearly reveal that mean score for sensory attributes of 
dehydrated aonla pulp at zero month of storage was 
fairly less than frozen aonla pulp. A significant de-
crease in sensory attributes of aonla pulp (frozen and 
dehydrated) was noticed at the end of six months stor-
age. Increase in non-enzymatic browning might be the 
reason for decrease in mean score for colour and ap-
pearance of aonla pulp. Textural losses might be due to 
loss of moisture, while significant decrease in mean 
score for taste and mouthfeel might be due to various 
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Frozen aonla 
pulp 
Storage period (months) C.D. at 
5% 0 2 4 6 
TSS (%) 11.1
0 
11.2
3 
11.38 11.5
9 
0.23 
Ascorbic Acid 
(mg/100 g) 
365.
5 
351.
3 
324.5 305.
1 
5.65 
Total phenols 
(mg/g) 
2.10 2.00 1.87 1.64 0.07 
NEB (OD at 
440 nm) 
0.02
1 
0.02
6 
0.038 0.05
2 
0.05 
Dehydrated 
aonla pulp 
Storage period (months) C.D. at 
5% 0 2 4 6 
TSS (%) 54.7 55.0 57.0 58.5 0.45 
Ascorbic acid 
(mg/100 mg) 
2.3 2.0 1.7 1.1 0.2 
Total phenols 
(mg/g) 
14.7 12.5 11.1 9.8 1.1 
NEB (OD at 
440 nm) 
0.24 0.54 0.74 0.97 0.02 
Table 1. Effect of storage period on chemical constituents of 
frozen aonla pulp. 
Table 2. Effect of storage period on chemical constituents of 
dehydrated aonla pulp. 
Table 3. Effect of storage period on sensory characteristics 
(9 point hedonic scale) of frozen. 
Table 4. Effect of storage period on sensory characteristics 
(9 point hedonic scale) of dehydrated aonla pulp. 
Frozen aonla 
pulp 
Storage period (months) C.D. at 
5% 
0 2 4 6 
Colour and 
appearance 8.1 8.0 7.8 7.5 
0.35 
Taste 8.0 7.9 7.6 7.2 0.48 
Texture 8.0 7.8 7.6 7.1 0.42 
Mouthfeel 8.0 7.9 7.7 7.3 0.38 
Overall ac-
ceptability 8.0 7.8 7.6 7.1 
0.44 
Dehydrated 
aonla pulp 
Storage period (months) C.D. at 
5% 
0 2 4 6 
Colour and 
appearance 7.8 7.2 6.7 5.8 
0.32 
Taste 7.5 7.1 6.4 5.7 0.35 
Texture 7.7 7.2 6.7 5.7 0.27 
Mouthfeel 7.2 6.9 6.3 5.5 0.42 
Overall ac-
ceptability 7.5 7.0 6.5 5.7 
0.33 
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 chemical reactions. Similar results were reported by 
Verma and Gupta (2004) in solar dried aonla flakes 
stored at room temperature and Singh et al. (2014) in 
bael fruit pulp stored under refrigerated conditions. 
Decrease in value of sensory attributes was found to be 
more significant in dehydrated aonla pulp as compared 
to frozen aonla pulp. Data clearly reveal that mean 
scores for sensory attributes of dehydrated aonla pulp 
were well below the acceptable limit i.e. mean score 
for various sensory attributes is below six (liked 
slightly) at the end of six months storage. Similar re-
sults were reported by Askar and Treptow (1993). 
Thus, dehydrated aonla pulp was found acceptable 
only up to three months of storage, while frozen aonla 
pulp was found acceptable even beyond six months of 
storage. Sagar and Kumar (2006) reported similar re-
sults in ready to eat dehydrated aonla shreds stored at 
room temperature as well as frozen storage.        
Conclusion 
It can be concluded from the present investigation that 
TSS and non-enzymatic browning (NEB) increased 
significantly in frozen as well as dehydrated aonla pulp 
during six months storage. The increase in TSS and 
NEB were relatively more in dehydrated aonla pulp as 
compared to frozen aonla pulp. Ascorbic acid and total 
phenols decreased significantly in frozen as well as 
dehydrated aonla pulp during six months storage. The 
decrease in ascorbic acid and total phenols were rela-
tively more in dehydrated aonla pulp as compared to 
frozen aonla pulp. During storage, the overall accept-
ability scores of frozen aonla pulp were found to sig-
nificantly more as compared to dehydrated aonla pulp. 
Frozen aonla pulp was found quite acceptable after six 
months storage with minimum change in its organolep-
tic quality, while dehydrated aonla pulp became unac-
ceptable after six months storage. Therefore, dehy-
drated aonla pulp was not found suitable for develop-
ing aonla product after six months storage. Thus, pre-
sent study was first in its kind to determine and com-
pare chemical composition and overall acceptability of 
frozen and dehydrated aonla pulp obtained from aonla 
fruits cv. Chakaiya during storage for optimizing there 
use in further development of value added aonla product 
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